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SummaTy 



A ninple and easily applied method of calculating the dimen- 
sions and horsepo-5er necessary fox an airship to have any given 
periormance is descrihed and illustrated by examples. The method 
includes means for est ir^. ting the changes in performance or in 
size vrhen modifications or ne^r features are introduced into a 
desi.OT, involving increase or saving in weights, ar changes in 
resistance or propulsive efficiency. 

The r)relii.dnary estimate of the size of an airship to per- 
form any desired duty, sudi as carrying a given military ox 
commercial load at some given speed and endurance, is based upon 
t.;o r^rincipal sets of data. One set is the proportions of total 
weight taken by various items, and the other set is the relation 
■between horsepower, speed, and air displacement. The conven- 
tional methods of stating such data are not very satisfactory, 
and nev; methods are dsveloped for the purpose of this report. 
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Introduction 

It is customary to express the weight items as percentages 
of the gross lift: "but this practice has the tv70 serious objec- 
tions that the gross lift varies with the kind and purity of the 
gas used for inflation even vhen standard atmospheric conditions 
prevail, and the magnitude of the aerodynamic forces and the 
resistance depend not upon the gross lift, but upon the total 
air displacement of the hull. It is therefore proposed to ex- 
press the '^eights as percentages of the air displacement, and to 
use a standard conversion factor or relation between air dis- 
placement by weight and by volume. This standard factor is that 
one cubic foot of air weighs .07635 lb. at sea level, with a 
temperature of 50°F, and a barometric pressure of 29.92" of mer- 
cury. The veigh'cB to be considered in the design estimate will 
tbeji include the item "air and gas." 

The relation betv/een horsepower, speed and size may be ex- 
pressed in the form: 

HP = - — 7i 



".^ere KP = horsepov/er, 

V = speed, 

D - air displacement, 

0 = a constant determined by 
data on previous ships. 

mien C is the Admiralty constant, V is expressed in 
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knots and D in long tons. The magnitude of the constant is a 
function of the density of the air, and its dimensions are rather 
a-7kward and not in line with other aerodynamic calculatioAs. 
It is proposed to substitute for the Admiralty constant the ex- 
pression: 



HP = P(vpl) 

K 



S/3 



where V = speed in ft./sec,' 

P = density of the air in slugs, 
vol = air volume or displacement in ft- 

K is a constant which may he expected to lie 
hetrreen 30,000 and 35,000 in a modern rigid airship, and to be 
about 50,-000 to 25,000 in small nonrigids of less than 200,000 ft 
volume. 

Since D, the standard air displacement in pounds, equals 

2/3 2 /3 

.07635 times the volume in ft.^ (vol) = 5-55 B , and 

Procediire in Finding the Size and Horsepower for an Airship 
to Carry a Given Load with a Given Speed and Endurance- 

The total displacement is divided into items as follov/s: 
(1) air and gas, (2) fixed weights exclusive of power plane, 
po-ver cars, and fuel system, (5) crew, stores, and ballast, 
(4) po'7er plant and cars, fuel system and fuel, (5) specified 
military or commeroial load. Items (l), (2) and (3) are ex- 
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pressed directly as fractions .of D, based on data from existing 
ships with such corrections as seem reasonable to allow for novel 
features. Item (4) is expressed in terms of the horsepower, and 
hence of D^''" , and items (4) and (5) together take that frac- 
tion of D remaining over from items (l) to (3), inclusive. 

Problem: 1. Find the volume and horsepoT/er of a rigid air- 
ship to carry a military load of 15,000 lb. at 60 knots (101.3 
ft. /sec.) for 60 hours, 85^. of the total volume being filled ulth 
helium lifting .064 lb./ft.= (94^1^ P"are), in the standard atm.os- 
phere. 

Since the hull is cpecified in the conditions of the prob- 
lem to be 35< full of gas, the v/eight of the air in the hull is 
15f. D; and the rreight of the gas is 35f. D multiplied by the 
difference between the ^7eights of air and gas per unit volume, 
and divided by the -ei-ht of air per iinit volume. The total 
wei#j.t of air and gas is therefore given by 

Air and gas = C .15 - .85 (.07655 - . 064)/. 07635 ] x D 
= .283 D. 

From existing data, the fixed weights exclusive of povrer 
plants, po;.er cars and fuel system equal .3D. and the crew, 
stores and ballast amount to .055 D. 

There revnaine fox porrer plant, fuel and military load 
fl - .288 - .30 - .055) D = -357 D. 

Assuming the weight of the power plant and its cars to be 
B lb. /HP and the ^veight of the fuel and fuel system to be 0.6 lb. 
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per horsepo^rer hour, the total v;eight of power plant, fuel sys- 
tem and fuel is [ 0 + (.6 x SO)] HP = 44 (HP). Combining this 
with the rAilitary load, 

15,000 + 44(HP) = .357 D (l) 
Suppose that from existing data on similar ships, 
K = 35,000, 
HP = 



— _ ^ >0Q237 X D^^ ^ 



35,000 

HP = .39 rP^^ ^2) 

GoKhining equations (l) and (S), 
D - 48 D''^^ =: 42,000 

The .jrotlem of the size required for a given performance 
r,'ill al-/ayG xe^ace to an equation of the form of (3), which may 
"be expressed generally: 

D - AD'^^^ = B. 

The Lsolution for any particular values of A and B may be ob- 
tained from the chsrts (Fig. 1 or 2) by laying a straight edge 
acros". these values of A and B on the scales at the left and 
right hsnd sides of the chart. 

In this problem, A - 48 and B = 42,000, and from the 
chart, fi.5uie 1, D = 215,000 lb., and the air volume = 215,000/ 
.07633 ^ 2,820,000 ft.^ 

For convenience in calculating the horsepower, D^^^ is 
r.lottGd against D in fipoire 3, although it is more accurate, 
and usually r;.ore convenient, to obtain D^^^ from a slide rule 
or a table after finding D. In this case, D=^-^ = .36,00, and 
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HP = .39 X 3600 = 1410. 

Pro-Qlem 2. Find the volume and horsepower of an airship to 
fulfill the same conditions as in Problem 1, except that the 
speed is to "be 70 knots (118.2 ft. /sec) for 60 hours. 

UP B.55 X (118. ?.f y .00257 x D^^^ 
~ ' 35,000 

= .62 D*^^ , and "by combining with equation (l), 
D - 76.5 Tf^^ ^ 42,000. 
From figure 1, E = 570,000 lb. 
D^^^ = 6900. Air volume = 7,470,000 ft.^ 

HP = .62 X 6900 = 4290. 

This example shovrs the great cost of increasing the speed 
'^'hile maintaining the same hours of endurance at the higher 
speed. On the other hand, the speed could be quite easily in- 
creased to 70 knots, if the endurance remains 60 hours at 60 knots. 

The horsepower at 60 knots is only QZio of that required for 
70 knots, and the "Jeight of porrer plant and fuel per horsepo7;er 
is therefore 8 + ( • 63 x .6 x 60) = 30.7 lb. The fundamental 
equations are therefore: 

15,000 + 30.7 (HP) - .357 C 
and HP = .62 D^'^ , ?rhence 

D - 53.3 D^^^ ^ 42,000 
D = 260,000 lb. D^''^ = 4080 
HP = .62 X 4060 = 2530 
Air volume = 260,000/. 0763 5 = 3,400,000 ft.^ • 
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The .ethod nay be used also to find the extent to which the 
size may be reduced by structural impxoven>ents, as follows: 

Pro-bnen 3. Suppose that by an improved design, the struc- 
. .ural ^-^eight can be reduced lOi in comparison with the conditions 
.c,uned in Problem 1. The fixed weights exclusive of power plant, 
power cars, and fuel system become .27 D, and assuming asin 
Problem 1 that 60 knots is required for 60 hours, 

15,000 + 44 (HP) = .387 D 
and HP = .39 D^^^ , whence 

D - 44.4 D^^^ = 38,800 
B = 180,000 lb. b"^® - 3300 
Air volume - 180,000/ .07635 = 2,360,000 ft.^ 
HP = .33 X 3200 = 1350. 

,-s+>^ +he results of Problem 1, it is found 
By comparison with the resuxi,o 

. ^. ^1 ....T^vto -xclupive of power plant, per- 
that a 10^: saving in fixed wei^^^.ts .xciu.i o 

mits a 16^ reduction in volume and 11.3^ in horsepower, 

4. recistance coefficient may also be 

A 10>v- im^oxovement in the resis .ciin-<- 

Rpreatins the conditions of Problem 
tested in a similar manner- R^^peating 

1, let K be increased by lOf; from 35,000 to 38,500. Then 



HP = .355 D"'^^ 



D - 43.75 Tf^^ = 42,000 
D = 185,000 lb. D^^^ = 2250 
Air volume ^ 185,000/. 07635 = 2,420,000 ft.^ 
HP ^ .355 X 3250 = 1150- 

If it i. repuirod to operate at a high altitude, the convex- 
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sion factor, air volume = D/. 07635, still holds, but in esti- 
mating the weights, the allowance inade fox air and gas rriust he 
increased, as in the next problem. 

Problem 4. Determine the volume of a nonrigid airship to 
carry a military load 1000 lb. at 4000 ft. altitude at 50 knots 
(S4.5 ft. /sec.) for 10 hours. Ship to be inflated with hydrogen 
^'*iich has a lift of .068 Ib./ft.^ in the standard atmosphere at 
sea level. Starting a flight at 4000 ft. fully inflated, corre- 
sponds to 88.84 inflation at sea level; the weight of air and gas 
at sea level is therefore 

[ .112 + .888 (.07635 - . 068)/. 07635 ] D = .209 D 

It may seem camoersorae to calculate the v/eight of air and 
gas ia this manner instead of correcting D for the altitude, 
but it r.hould be remembered that since the structural v;eights 
are to be teken es fractions of D, it is important that D 
should be taken as a constant fraction of the air volume. 

From data on previous ships, the fixed \7eights exclusive of 
Dower -olant and fuel system equal .4D, and crew, stores, and 
ballast amount to .ID. Thero remains for th<5 power pla.nt, fuel 
and military load (l - .209 - .4 - .1) D = .^91 D. Taking the 
weight of the power plant as 6 lb. /HP, and the weight of the fuel, 
oil, and containers as 0.6 Ib./HP.H, the total weight of power 
plant, fuel, and fuel system: is [6 + (10 x .6)] HP = 12 (HP), 
and the equation is obtained: 

1000 + 12 (HP) = .291 D. 
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From existiner data, K = 22,000, and at 4000 ft. altitude,. 
P = .888 >; .00237 = .0021 slugs, therefore, 

3 "5/3 

HP = 5.55 X (84.,") .0031 X - 
33,000 

- .32 D^''^ 

Combining' these equations as before, 

D - 13.2 D^^^ = 3340 
Frotn f inure 2, D = 9100 lb. D^^^ = 435 
Air volume - 9100/. 07635 = 119,000 ft.^ 
HP = .33 X 435 = 139. 

The T.ethod may also be used to find the military or commer- 
cial load which can be carried by an airship of given size at a 
given speed and endurance, as follows: 

Problevn 5. Find the commercial load vjhich can be carried 
by a rigid airship of 5,000,000 ft.^ air volume, at 4000 ft. alti- 
tude, inflated vlth helium lifting .064 Ib./ft.^ in standard at- 
mosphere at sea level, and having a speed of 70 knots and an en- 
durance of 24 hours. Given K = 35,000, and fixed weights ex- 
clusive of po\7er plant = .3 D cre^, stores and ballast = .05 D. 
Power plant = 8 lb. /HP, fuel = 0.6 Ib./HP.H, -whence total weight 
of oo'.7er plant and fuel = [ 8 + (.6 x 24) ] H?' - 22.4 HP 
D = .07635 X 5,000,000 = 382,000 lb. 

AiDP-aming that "'hen fully inflated the gas cells occupy 95fo 
of the air volume, the volume of gas ^^hen 88.8fo inflated at sea 
level (to allo^ for 4000 ft. altitude) is .95 x .688 = .844 
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tiir.e's the air volume, and the ^veight of the air and gas is 
[.15--^ + .344 (.07635 - . 064) /. 07635 ] ^ D = .293 D 

-qp = (HQ '2? X . 002 1 X _(5.._oc)o ^ ooglH. 

35,000 

= 2900 

The total vreight of the poTrer plant, power cars, fuel and 
fuel systen is 22.4 x 3900 = 65,000 lb. The weight available 
for comnexcial load is 

382,000 (1 - .293 - .5-. 05) - 65,000 = 71,500 lb. 

Choice of Dimensions for any Desired Air Volume. 

V/ini turnel experiments indicate that the least resistance 
for a given volume is obtained "dth a length/diameter diameter 
ratio of a little less than 5, but r;ith ratios from 4 to 6 
there is very little change in efficiency. For nonrigid air- 
shi-Ds these ra,tics are very suitable, and the prismatic or cyl- 
indric coefficient, i.e., the ratio of the actual air volume to 
the volume of a prism having the largest cross- section airship, 
varies from 0.60 to 0.66, aporoxirnately. 

The volume of an airship of circular cross- section = 
2 1.C r TT R^, 

where R - the radius of the largest cross-section. 

k = the prismatic coefficient, 

r = the length/diameter ratio. 
The dimensions rray be calculated by application of this 




in 
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formula, assuming arbitrary values of k and r. 

Example: Find the length and diameter of a nonrigid airship 
of 300,000 ft.^ , volume assuming k = .63, and r = 4.8. 

«^ = 3 X ?^\°°l8 V . = 

R :r 33 ft. 

Diameter 2 R = 44.0 ft- 
Length = 9.6 R - 211.5 ft- 

In a rigid rirship, it is usually desirable to increase the 
length beyond five diameters in order to space the cars properly, 
and to facilitate handling upon the ground, and to prevent ex- 
cessive ^/.'eight of the gas cells and transverse frames. Sometimes 
shed accomr.odations also influence or dictate the choice of length 
and diameter. 1^'hen for practical reasons it is desired to have 
more than five diameters to length, the designer has the choice 
of inserting some parallel middle body, or retaining a continu- 
ously curved form by increasing the station spacing- To determine 
the relative m.erits of these tTO possibilities, two interesting 
series of tests v/ere carried out in the wind tunnel of the Bureau 
of Gonstru-ction and Repair at the Navy Yard, Washington, D. C 
In the first series of tests various lengths of parallel middle 
body v;ere inserted between the bo:? and stern of a model of the 
C class nonrigid airship. The results are fully described in the 
National Advisory Committee for Aeronautics Report No. 138, en- 
titled '^The Drag of C Class Airship Hull with Varying Length of 
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Cylindric Midships." The tests sho\7ed that a length of parallel 
middle "body up to ona dianieter made iDractically no change in the 
resistance coefficient; and three diameters of parallel middle 
body increased the resiotance coefficient hy only 7.6%. 

The other series of tests was on models of the C class air- 
ship -vith various spacing of the ordinates, giving lengths of 
from 3 to 10 diameter, -.without parallel middle body. The results 
of this series of tests have not been published, but it was found 
that increasing the length/diameter ratio from the 4.6 of the 0 
class to 3.0 resulted in an increase of 13.2;^- in the resistance 
coefficient. The curve of the resistance coefficient was found 
to oass through a minimum value with a fineness or length/diameter 
ratio of about 4.3, or very close to vrhat was actually used in 
the 0 class. 

Comparison of the results of these t^70 sets of tests indi- 
cate that 'vhen it is desired to increase the fineness ratio be- 
yond about 4.5, the additional length should be obtained by in- 
serting parallel middle body rather than by increasing the spacing 
of the ordinates- 

It is obvious that the practical merits of the problem, aside 
froTT: -ourely aerod-:'-namic considerations, are also very much in 
favor of parallel middle body; the construction will be simpler 
and lepr, expensive and the overall dimensions of the ship v/ith a 
lyiven volume and fineness ratio mil be less. 

The air volume of an airship bull v;ith parallel middle body 
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equals 2 rr ( kr. + t^) where R is the radius of the maxinram 
cross-section, k is the pricmatic coefficient of the tapered 
fore and after bodies taken together, r^ is their combined 
length/diameter ratio, and io the corresponding ratio for 

the loarallel middle body. It follo'/7S that 

^ 2 ri (kr, + ) 

Froi'.i thia equation the dimensions required for any given 
volume and characteristics of bo^7 and stern and proportion of 
pa,rallel middle body may be determined. 

Exanrple: Find the length and diameter of e. rigid airship of 
5,000,000 ft.^ air volume, in which the tapered bow and stern 
have a length of 4.6 dierneter and a prismatic coefficient of 
0.60, and the parallel mdddle body is three diameters long. 

„3 5,1^^04.000 

3 TT [He X 4.6) + 3.0] 

- 138,000 
R = 31.6 

Length ^ 15.2 x 51.6 = 785 ft. 
Diameter = 3 x 51.6 = 103.2 ft. 
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Conclusions 

The foregoing method of calailating the size and horsepower . 
required for an airship of any specified performnce depends on 
existing data, and as this data becomes more complete, the 
method will become increasingly accurate and flexible; that is, 
iTiore applicable to nev7 and unusual types of airships. 

One of the nrincipal uses to r/hich the method can be applied 
is to 3hov the variation in size necesrary v'hen varying some one 
factor of the performarice requirements, keeping the other factors 
constant. 
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art for finding d2/3 uhen D is 



